During the past several years, much interest has been directed towards delineating and characterizing different subsets of T helper (Th) cells in order to understand their roles in immune processes. In this study, we report the generation of antigen-specific rat Th cell clones and their characterization in terms of phenotype, function, and lymphokine production. The clones were derived by culturing purified splenic T cells from rats immunized with the pathogen Bacteroides gingivalis with equivalent numbers of irradiated spleen cells from nonimmune rats and B. gingivalis whole-cell antigen. The clones required antigen stimulation but not exogenously added interleukin-2 for growth and were maintained in culture for approximately 6 months. The cloned T cells proliferated in response to the mitogen concanavalin A and to B. gingivalis whole-cell antigen but not to other microbial antigens. Phenotypic characterization of the cloned T cells for cell surface markers demonstrated that these cells were OXl9+ W3/25+ OX8-OX22-and therefore probably represented a mature subpopulation of CD4+ Th cells. These cloned T cells were positive for interleukin-2 receptor expression. Culture supernatants from the Th cell clones which were collected at various times after antigen stimulation exhibited low interleukin-2 activity and high gamma interferon activity. This in vitro study provides evidence of a rat Th cell subset that could represent an important population in regulating immune responses to microbial antigens.
Periodontitis is an inflammatory disease that involves the destruction of oral tissues surrounding the teeth, including attachment fibers and the alveolar bone (14) . The etiology of this disease is attributed to the presence of certain species of bacteria, among which the black-pigmented Bacteroides gingivalis has been most strongly implicated (12, 14) . The immunopathologic mechanisms involved in this disease are not totally understood, although the interaction between bacterial antigens and the T lymphocytes in the inflamed oral lesion has been suggested to be of importance in the pathogenesis of the disease in humans (11, 27) and in the experimental rat model (32) . Therefore, to help delineate the T-cell events involved in the regulation of this disease, it is important to determine the functional differences and modes of activation of T-cell subsets which may be involved in mediating the disease.
With the discovery by Mosmann and co-workers (4, 21, 22) of two different types of cloned murine T helper (Th) cells (Thl and Th2), a foundation was set to help determine the contribution of these and potentially other types of Th cell subsets in actual in vivo immune responses. The two subpopulations of murine Th cell clones are primarily divided by the type of lymphokines they produce. Thl cells are characterized by the secretion of interleukin-2 (IL-2), gamma interferon (IFN--y), and lymphotoxin, whereas Th2 cells secrete interleukin-4 (IL-4) (but not IL-2) and interleukin-5 (IL-5). The function of these two subsets relates to the lymphokines they produce. Th2 cells produce the major helper factors for B-cell responses, while factors produced by Thl cells are mediators of delayed-type hypersensitivity reactions (4, 21, 22) .
Despite the extensive work in the murine system, studies in other species, such as human and rat, have been limited due to difficulty in generating T-cell clones. Therefore, other * Corresponding author.
investigations have placed emphasis on determining whether antibodies to the leukocyte-common antigen (L-CA), a surface antigen expressed on most hematopoietic cells, would be useful in differentiating Th cell subsets. Antibodies to the L-CA have been shown to divide Th cells into subsets in the human (17, 18) , mouse (3), and rat (1) systems; however, it is unclear whether this division identifies separate lineages, activation states, or functional potentials.
Studies by Mason and colleagues (1, 23, 24) have shown that the monoclonal antibody (MAb) MRC OX22 binds to the high-molecular-weight form of the CD45 antigen and divides the rat Th cell population into CD4+ OX22+ cells and CD4+ OX22-cells. Although a correlation between the expression of the OX22 marker and the synthesis of lymphokines has not been defined, it has been reported that CD4+ cells produce IL-2, with the CD4+ OX22+ cells producing higher amounts than the CD4+ OX22-cells (1) . It also has been shown that CD4+ OX22+ cells proliferate in response to allogeneic cells and to mitogens (1), whereas CD4+ OX22-T cells provide B-cell help for secondary immune responses (1, 23, 29) .
In this article, we report the generation of rat Th cell clones specific for B. gingivalis and provide information on their phenotype and the lymphokines they secrete.
( Concanavalin A (Con A)-stimulated rat spleen cell culture supernatant (Con A-SN) was prepared as described previously (7, 19) , filter sterilized, and stored at -70°C until used.
Purification of splenic T-lymphocyte populations. The procedures used for the purification of splenic lymphoid cells were similar to those reported previously (7) . Rats were killed by carbon dioxide asphyxiation, their spleens were aseptically removed, and single-cell suspensions were prepared by mechanically dispersing the tissue through sterile wire mesh into RPMI 1640 (GIBCO Laboratories, Grand Island, N.Y.). Erythrocytes were lysed with ammonium chloride (ACK) buffer. The cells were washed, suspended in warm (370C) RPMI 1640 supplemented with 5% fetal calf serum (FCS), and passed through a Sephadex G-10 (Pharmacia, Piscataway, N.J.) column equilibrated with the same warm medium. The eluted cell population was depleted of B cells by panning (39) on plastic petri plates (15 by 100 mm; Falcon Labware, Oxnard, Calif.) coated with immunoglobulin G rabbit anti-rat F(ab')2 (7, 19) . After incubation for 90 min at 40C, the nonadherent cell population was collected, washed twice with RPMI 1640, and suspended in RPMI 1640 supplemented with 2 mM L-glutamine, 10 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), 100 U of penicillin per ml, 10 p.g of streptomycin per ml, 20 MTT assay. The MTT assay was performed by a modification of the method described by Mosmann (20) 
RESULTS
Phenotypic characterization of rat splenic lymphoid cell populations. The surface markers expressed by the unfractionated rat spleen cell population and the enriched subpopulations employed in this study were determined by flow cytometry. After passage of spleen cells through a Sephadex G-10 column, approximately equal proportions of the cells (-45%) stained with the MAR 18.5 (Slg+) or with OX19 (CD5) MAb (Fig. 1) . Further analysis showed that nearly half of the CD5+ T cells were CD4+ Th cells as indicated by costaining with the MAb W3/25. The CD4+ population could be divided into two subsets with the MAb OX22, as has been reported previously (1, 23, 24) , with approximately half of the CD4+ spleen cell population being CD4+ OX22-(54%) and the other half being CD4+ OX22+ (46%).
After panning of the cells on anti-rat F(ab')2-coated plates (see Materials and Methods), the resulting nonadherent cell population was again analyzed by FACS (Fig. 1) Phenotypic analysis of rat T-cell clones. Analysis of the T-cell clones for surface markers by flow cytometry revealed that they were OX19+ W3/25+ (CD5+ CD4+) and thus of the Th cell phenotype (Fig. 2) . These cells did not stain with the MAb MAR 18.5 (SIg-) or OX8 (CD8-). Furthermore, these cells did not express the high-molecular-weight form of the L-CA recognized by the MAb OX22, but did express IL-2 receptors as determined by using the MAb OX39.
Lymphokine production by T-cell clones. The HT-2AB cell line, which is dependent on the presence of IL-2 for growth but does not proliferate in the presence of IL-4 (data not shown), was used to assess SN from the T-cell clones for IL-2 activity (Fig. 3). A low but detectable level of IL-2 activity (<1 U/ml) was reproducibly found in the SN from the T-cell clones (Fig. 3) . A similar low level of activity was detected in SN from cloned T cells at various times following antigen stimulation (data not shown). These cells were, however, expressing IL-2 receptors, as shown by FACS analysis with the 0X39 MAb (Fig. 2) . The Con A-SN used as a positive control exhibited good IL-2 activity in this assay (Fig. 3) . SN from cultures consisting of irradiated spleen cells with or without antigen did not exhibit IL-2 activity (data not shown).
Although the SN from the T-cell clones contained relatively low levels of detectable IL-2 activity, they did contain high levels of IFN--y activity (-500 U/ml) as determined by using the IFN--y-sensitive WEHI-279 cell line (Fig. 4) . Ninety-eight percent of this activity was abrogated by the addition of the anti-rat IFN--y MAb DB1 (2. 
DISCUSSION
An objective of the experiments described in this report was to generate and characterize cloned rat T cells with antigen specificity to the oral pathogen B. gingivalis in order to provide the tools for understanding the interactions which occur between T cells and this gram-negative bacterium. The rat was used in this study since it has been a useful animal model for investigations on the immunology and microbiology of oral inflammatory conditions associated with B. gingivalis infection (32) . Therefore, splenic T cells from female Fischer rats immunized with B. gingivalis WC antigen were used to derive clones. These purified T cells were Slg-OX19+, with CD4+ Th cells, and represented approximately 50% of the bulk spleen cell population. The CD4+ cells were further divided based on the presence or absence of the high-molecular-weight form of the L-CA recognized by the MAb OX22. The L-CA is expressed on the surface of most hematopoietic cells, and although first found in the rat (8) , it has also been recognized in other species, such as mice and humans (6, 34) . Expression of this marker seems to be related to cell lineage and/or differentiation stage (26, 33 To generate the T-cell clones described in this report, the purified total splenic T-cell population (OX19+) from immunized rats was incubated with irradiated spleen cells and B. gingivalis at equivalent numbers, a procedure which has been useful in generating rat T-cell clones with specificity to various microbial WC (unpublished data). The cloned T cells required irradiated spleen cells and stimulation with specific antigen for growth. The antigen specificity of these T-cell clones was further confirmed by the demonstration of proliferative responses by the T cells to B. gingivalis antigen (Table 1) but not to other microbial antigens. Phenotypic analysis of the T-cell clones showed that they were OX19+ W3/25+ OX8-and therefore a subset of CD4+ Th cells. Furthermore, these cells lacked the L-CA recognized by the OX22 MAb.
Studies by Mason and co-workers (1, 23, 24) have shown that phenotypic differences in the expression of the OX22 marker on rat T cells are also reflected by functional differences. CD4+ OX22+ T cells are more responsive to T-cell mitogens and produce higher levels of IL-2 than CD4+ OX22-cells. Others (9) have reported similar results with rat T-cell clones, i.e., that CD4+ OX22-cells are producers of low levels of IL-2 and provide B-cell help for secondary immune responses. Some functional characteristics of our T-cell clones were analogous to those described above, e.g., we have shown the production of low levels of IL-2 by our CD4+ OX22-T-cell clones (Fig. 3) . In our studies, we used the HT-2AB cells to assess IL-2 activity in SN from the T-cell clones. These indicator cells are only responsive to IL-2, although they may be less responsive to this interleu- kin than CTLL cells, as has been reported for HT-2b cells, which also are only responsive to IL-2 (9). Thus, the proliferative response seen with HT-2AB cells incubated with SN from our T-cell clones indicated the presence of IL-2. Furthermore, the addition of anti-IL-2 antibody to similar cultures abrogated the proliferative responses (data not shown). The low level of IL-2 produced by CD4+ OX22-cells which has been reported by others (9) and in this investigation may indeed be an inherent characteristic of this subset or it may depend upon the cell line used for the detection of this lymphokine (9) . In this study, we also showed the expression of the IL-2 receptor on the cloned Th cells by FACS (Fig. 2) . Whether the amount of IL-2 detected in our assays reflected quantitatively the expression of the IL-2 receptor we do not know. However, it is known (28, 36) that expression of such a receptor occurs upon stimulation of the cells by antigen or mitogen and that its presence is accompanied by cell proliferation.
The B. gingivalis-specific T-cell clones described in this study produced IFN--y and some IL-2. Based on the production of these two lymphokines, it would appear that the Th cell clones generated are similar to the Thl characterized cells in the murine system. Recent studies by Gajewski et al. (10) have shown that SN containing IL-2, IL-4, and IFN-y preferentially support the growth of murine Thl cell clones, which could help explain the derivation of the present rat T-cell clones. Nevertheless, the low level of detectable in the SN of the cloned T cells may suggest still another subset of Th cells, which, however, may be unique to the rat system or to the culture conditions used for their generation. Further studies are required to delineate Th cell subsets in the rat based on phenotype, function, and lymphokine 
